The structure and decay properties of high-K isomers in 176 Hf have been studied using beam sweeping techniques and the Gammasphere multi-detector array. A new ∆K = 8 decay branch, from a K π = 22 − , six-quasiparticle, isomeric (t 1/2 = 43µs) state at 4864 keV to the 20 − state of a K π = 14 − band, has been identified. The reduced hindrance factor per degree of K forbiddenness for this decay is measured to be unusually low (f ν = 3.2), which suggests K mixing in the states 2
I. INTRODUCTION
The abundance of high-Ω Nilsson orbitals near the Fermi surface for both protons and neutrons in A = 170 − 180 nuclei leads to a number of multi-quasiparticle (qp) high-K (K = ΣΩ i , i is the qp index) states that are often isomeric. To first order, the decays of these K isomers follow the selection rule ∆K ≤ λ, where λ is the multipolarity of the γ−ray transition. For observed transitions where this rule is violated, an empirical measure of the retardation is the"reduced hindrance factor per degree of K forbiddenness", defined as f ν = (F W ) 1/ν , where the degree of forbiddenness ν = ∆K − λ, and the hindrance factor F W is the ratio of partial γ-ray halflife to the Weisskopf single particle estimate [1, 2] . The physics of K mixing through observed violations of the K-selection rule has spurred considerable interest in recent years [3] . Isotopes of hafnium, in particular, have been studied extensively over a wide range of spin and excitation energies [4] . In 176 Hf, 2-, 4-and 6-qp isomers were reported in the earlier studies of K isomerism [5] [6] [7] . The highest state (22 − ) observed to date in this nucleus to date is a 6-qp isomeric state (t 1/2 = 43µs) at 4864 keV which decays to an intrinsic 20 − state by an allowed E2 transition [7] . Although a number of decay modes with different reduced hindrance factors have been found in the neighboring isotopes [8] and isotones [9, 10] , there was no new experimental information on 176 Hf since the early studies.
The present experiment was designed to study the structure and property of the highest observable K isomers in 176 Hf. with the 101 Compton-suppressed Ge detectors of the Gammasphere array [11] . The data presented here utilized two different beam sweeping conditions. In the first, beam pulses ≈1 ns wide were incident at 825-ns intervals on the target. Subsequently, to cleanly select decays of high-spin isomeric states with halflives of a few tens of µs, an "on-demand" beam switching system was used in which the beam (with the natural pulse period of 82.5 ns) was switched off for 100 µs following a triple-γ coincidence in a beam pulse. During the beam-off period, the master trigger was switched to singles. The out-of-beam data from the first part were sorted into a γ − γ coincidence matrix as well as into a γ − γ − γ cube where the γ rays were in "prompt" coincidence with respect to each other. Early-delayed γ − γ matrix techniques [12, 13] were used to search for isomers above the one with K π =22 − . While no evidence of any higher-lying isomeric state was found, a new ∆K = 8 decay branch of this
II. EXPERIMENTAL DETAILS
− isomer to a member of the K π =14 − rotational band was observed.
III. RESULTS
Five isomeric states are known in 176 Hf with halflives ranging from 34 ns to 401 µs [5] [6] [7] . The present analysis reports on out-of-beam data and transitions above the K π = 14 − isomer (t 1/2 = 401µs) at 2866 keV excitation energy. The partial level scheme of 176 Hf above this isomer is given in Fig. 1 . All transitions reported earlier were confirmed, but no new transitions below the 401 µs isomer were observed. While a rotational band built on this isomer had been observed in the earlier studies up to a 20 − state [7] , this band was not reported to be fed by any isomeric state. Here, we present evidence that this band is being fed by an isomer. In an out-of-beam, double-gated spectrum for this band, shown in Fig. 2(a) , obtained from a γ − γ − γ cube from the 825-ns beam-off period, all the γ rays belonging to this band are clearly observed, indicating that it is fed by an isomer. The halflife of the isomer feeding this band was measured as follows. The longer out-of-beam period of 100 µs was divided into six time cuts and a "prompt" γ − γ matrix was constructed for each of these cuts. The intensity of the lowest-energy (295 keV) transition in the K π =14
− band was obtained from the sum of gates on coincident γ rays in each of these matrices.
A halflife of 45±13 µs was obtained from a fit to the intensity variation and is presented in Fig. 3 . This is in good agreement with the previously measured halflife of 43 µs for the
− isomeric state at 4864 keV excitation [7] , and clearly suggests that the rotational band built on the K π =14 − band is predominantly fed from the K π = 22 − , 6-qp isomer.
As mentioned above, all the transitions up to 20 − in the K=14 band were observed in the spectrum of Fig. 2(a) . This indicates that the feeding of these states occurs through an unobserved 37-keV, E2 transition depopulating the K π = 22 − isomer to the 20 − state of the K=14 band. Observation of such a low-energy, highly converted (total electron conversion coefficient α tot = 310) transition was beyond the sensitivity of the present experiment.
The relative intensity of this decay path was inferred from the intensities of the observed transitions in the band that it feeds. The stronger decay path of this isomer is, however, to the intrinsic K π = 20 − state through a 97-keV transition (see Fig. 1 ). The relative intensity of the newly identified weak branch, as compared to the strong one, is depicted in the double gated spectra of Figs. 2(a) and 2(b). The 37-keV decay branch is measured to be 8.3±2.8%
of the total decay of the K π = 22 − isomer (see Table I ). The reduced hindrance factor 
IV. DISCUSSION
The reduced hindrance factors (f ν ) calculated for all K-forbidden transitions in 176 Hf are given in Table II . The value of f ν = 3.2 for the newly observed K-hindered branch in this work is, clearly, anomalously low. We discuss this result in the context of various current scenarios of K mixing typically invoked in order to reconcile low values of f ν observed in
For multi-qp isomers at high excitation energies, reduced K hindrances from possible statistical mixing of an isomer with neighboring levels, due to an increased level density, have been explored earlier [14] . In these calculations, the relevant variable is the excitation energy of the isomer relative to a rigid rotor reference at the same spin (E K -E R ). Using a universal reference for the moment of inertia, an exponentially decreasing trend in f ν values of E2 and E3 decays, from a number of multi-qp isomers with ∆K > 5 in the A ∼ 180 region, was highlighted by this method [14] . This trend was correlated with the theoretically expected exponential increase in level density with the square root of the energy difference.
In specific cases, however, experimental f ν values are significantly lower than predictions of this simple model, underscoring the need to consider additional mechanisms of K mixing.
The new ∆K = 8 decay branch of the 22 − isomer in 176 Hf, with f ν = 3.2, seems to fall in the latter category. In fact, for yrast isomers with small values of E K -E R such as the present one, it is doubtful whether a quantitative discussion involving the density of states of similar spin is relevant, as this density is expected to be rather low.
Softness to shape changes, especially to non-axial deformations, has been proposed as another key parameter for discussing anomalously low reduced hindrances in the Hf-W-Os [20] .
A third mechanism that could explain the anomalously-low reduced hindrance is the mixing of lower-K components in the 22 − isomer through the Coriolis interaction. The to an interaction strength |V |=βα∆E= 22 keV. This is two to three orders of magnitude larger than the values of ≈ 10 − 100 eV extracted for chance degeneracies of states in this mass region [28] with a nominal ∆K value of 6. Whether this can be termed a discrepancy is unclear, since the available database for such mixings has sparse statistics to date, and typically has one rotational B(E2) transition probability in the mix, and may not provide a reliable benchmark for this special case involving a configurational hindrance.
We now turn to the discussion of the configuration assignments for the 15 + and the 16 Fig.2(c) ).
A more stringent test for configuration assignments is the experimental |(g K − g R )/Q 0 | ratios deduced from the measured branching ratios. In the present work, the measured value of this ratio from the decay of the 18 + state (which deexcites by the 307-and 581-keV γ rays) is 0.052 (7) for a K=15 band. Using the branching ratio between the 274-keV and the new 460-keV γ rays from the decay of the 17 + state (the K=15 interpretation is the only one allowed for this case), the value extracted for a "Strong" and "weak" denote the decay branches via the 97-keV and 37-keV transitions, respectively (see Fig.1 ). b Corrected for detector efficiency and internal conversion [33] . Pure M1 internal conversion coefficients were used for the in-band dipole transitions. c Estimate of the fraction of the branch intensity that flows through this triple-gamma combination. For the weak branch, an expected (and experimentally corroborated [7] ) g K of 0.57 for the configuration, with standard values of g R =0.28 and Q 0 =7 eb (see text), was used to estimate in-band M1/E2 branching ratios.
For the strong branch, an average |(g K − g R )/Q 0 | of 0.052 (obtained from M1/E2 branching ratios measured in this work) was used. 
